Abbreviations: AFHB = Afghan Family Health Book CHW = community-based healthcare workers IMC = International Medical Corps STD = sexually transmitted disease
read or write. In many villages, illiteracy rates for women approach 100%. 4 Though primary school enrollment has increased tenfold for girls and by two-thirds for boys since 2001, decades of conflict have limited formal education for much of the adult population. 5 In 2004, LeapFrog Enterprises Inc. and the United States Department of Health and Human Services (DHHS) developed an interactive electronic picture book, the Afghan Family Health Book (AFHB), to communicate public health messages in rural Afghanistan. The development of the AFHB comes at a time when electronic media are increasingly used for education and have demonstrated potential to enhance prevention efforts and clinical care. [6] [7] [8] The AFHB is designed to allow individuals without formal education to acquire health information through interactive electronic picture book pages linked to local language recordings of related health messages. The book is intended to provide useful and practical information on disease prevention and health promotion and to effect changes in health behavior. Further details on content and use of the book are reported elsewhere. 9 Interactive health communication applications have not been previously tested in Afghanistan or other rural, developing settings. In 2005, the International Medical Corps (IMC) conducted a field evaluation of the AFHB in household settings in two provinces of Afghanistan. The objective of this investigation was to determine the effects of the AFHB versus CHW on health knowledge in these provinces.
Methods

Study Design
From January to June 2005, baseline and follow-up panel surveys were administered in Pashto-speaking Laghman province and Dari-speaking Kabul province. Within each province, a geographically distinct intervention and control district were selected to minimize contamination by the AFHB. Interventions received the AFHB, while controls were exposed only to CHW. In Laghman Province, the control and intervention districts were Methalam and Alingar, respectively. In Kabul province, the control and intervention districts were Shakadara and Qarabaugh, respectively.
The districts were selected in consultation with local leaders and the Ministry of Health. Efforts were made to match the two districts in each province by population, demographics, and access to health services. The study districts were located within catchments of IMC-supported health facilities.
A two-staged cluster sample design was used to obtain a representative, proportional sample of the four districts. Systematic random sampling was used to select villages at the district level and then households at the village level. A sampling interval (n) was calculated by dividing the number of households in the village by the number of interviews to be conducted within the cluster. A starting household was determined by random number generation and each nth household was interviewed until the entire village had been sampled.
In total, 98 villages and 3,372 households were sampled. Overall, the sample was comprised of 7% of the total population in the four districts. Villages were excluded if they were deemed unsafe by local authorities or had not been cleared of mines and unexploded ordinance at the time of the survey.
Each selected household in the two intervention districts received one AFHB in either Dari or Pashto, according to the language spoken in the home. Surveys were administered at baseline and on follow-up at three months.
Sample Size
Sample size for this study was determined by assuming a change in knowledge of 0.50, and a margin of error of ±0.05% at a 95% confidence level. The sample size required given these conditions was 1,067 households. However, sample design included two levels of clustering, and a design effect of 2 was assumed, resulting in a calculated sample size of 2,000. A total of 2,000 AFHB units were distributed for this evaluation project, and all 2,000 recipient households were surveyed twice-once at baseline, and again after three months. Two thousand control households also were identified, bringing the total sample size to approximately 4,000 households.
Subjects
The IMC team interviewed one person per selected household. This person was >15 years of age and either was a married woman of reproductive age or a male head-ofhousehold. A female or male respondent was selected randomly from each household interview. If only one adult, male or female, was present at the initial visit, that person was interviewed. The same person was interviewed on follow-up.
Instrument
The questionnaire was written in English and translated into Dari and Pashto. The accuracy of the translation was checked by back-translation into English. Three regional and medical experts reviewed the questionnaire for content validity. Interviewers administered the survey in Dari or Pashto, depending on the language spoken in the home. The survey was pilot tested among 20 Afghans and the resulting suggestions regarding clarity and cultural appropriateness were incorporated.
The survey contained 116 questions and assessed demographics and knowledge of 17 health care topics covered in the AFHB. These domains included immunizations, micronutrients, water and sanitation, diet, malaria, tuberculosis, acute respiratory infections, sexually transmitted disease (STD), safety, first aid, mental health, female anatomy, birth spacing, breast-feeding, and peripartum care. Each domain was assessed by a module of three to six questions drawn directly from information in the AFHB. All questions were fact statements to which respondents answered "agree" or "disagree." An individual passed a module if all items were correct and failed if any items were incorrect. Validation of study questions was not conducted given that the AFHB covered a breadth of topics, that questions were drawn directly from statements in the AFHB, and that the survey did not aim to measure specific health indicators or outcomes. Additionally, users of the AFHB also were asked to give "yes" or "no" responses to opinion statements on use of the book.
Evaluation of Interactive Electronic Health Education
The data were processed using STATA statistical software (STATA 7.0, STATA Corp., College Station, TX). To control for clustering and design effect, data were weighted by the number of districts sampled from each province, the number of villages sampled per district, and the number of households in each village. Complex survey variance estimates were calculated using Taylor series linearization. All errors were nominal due to the inability to sample every sector randomly. For cross-tabulations, statistical significance was determined using a chi-square statistic. Analysis of variance (ANOVA) was used for statistical comparison of means. For all statistical determinations, significance levels were established at p <0.05.
Results
Characteristics of Respondents
A total of 4,288 households were sampled. Of these, 73 did not make the inclusion criteria and 11 households refused to participate. Of the 4,204 eligible households sampled, 1,285 households were lost to follow-up, 272 had missing baseline surveys, 47 were assessed after only one month of exposure to the intervention, and 71 had multiple entries for baseline or follow-up surveys. The resulting study population was 2,529. Demographics of those lost to follow-up did not differ significantly from the study population.
Demographics of the study population for each language group are listed in Table 1 . Overall, the sample consisted of 1,929 men (81%) and 600 women (19%). The mean value for the ages was 31 ±0.3 years (mean ±standard error; range, 15-65 years). The mean value for the number of years of education was 4 ±0.3 years (range, 0-19 years). A total of 788 (39%) men reported having no formal education. Also, 471 women (83%) reported no formal education, and 1,546 study participants (64%) reported that they worked outside the home.
Knowledge Assessment
Baseline Knowledge-Overall, respondents had high baseline knowledge of general health topics and lower knowl- 
Human Subjects Protections
The Western Institutional Review Board reviewed and approved the research proposal. The study was conducted in accordance with the Declaration of Helsinki as revised in 2002. All data were kept confidential. Verbal informed consent was obtained from all participants. Participants did not receive any material compensation.
Statistical Analysis
Primary outcomes were pass rates at baseline and follow-up for each module. On follow-up, change in pass/fail status was categorized as "improved," "worsened," or "no change." In unadjusted analyses, the chi-square statistic was used to compare proportions in these categories among control versus intervention groups. Using logistic regression, follow-up pass/fail status was regressed against baseline pass/fail status, intervention status, sex, age, education, and work status. The significance values of intervention status in baseline-adjusted and multivariate models are reported. All analyses were stratified by language. Among the recipients of the AFHB, Pashto-speaking males seemed most receptive to the book. These individuals had the highest levels of education among the subgroups. Twenty percent reported enjoying the book and nearly 40% used it enough to deplete the batteries. Pashtospeaking males also were more likely to change health practices and share information with neighbors.
Discussion
Low education and literacy rates may hinder the ability of rural Afghans to obtain and act upon health information. 3, 10 To the knowledge of the authors, interactive health applications aimed at bridging these literacy gaps have not been previously tested in Afghanistan or other rural, developing settings. The findings of this study suggest that interactive technology has the potential to communicate health messages more effectively than standard CHW approaches. While the full range of topics covered by the AFHB could not be assessed, the study shows a trend toward improvement in health knowledge using the AFHB compared with CHW teachings.
Baseline Knowledge
At baseline, high pass rates for many of the modules likely reflected prior education by CHW. The high baseline pass rates in Methalam and Alingar are consistent with the presence of well-established CHW programs in these areas. In contrast, the low baseline pass rates in Qarabaugh likely reflected little exposure to CHW because of regional conflict and displacement.
While CHW efforts are largely tied to the availability of local health centers, some health campaigns have been able to reach communities where access to health services is limited. For all districts, recent nationwide vaccination campaigns, for example, likely contributed to the high baseline knowledge of immunizations. [11] [12] [13] The low baseline knowledge of reproductive health topics is consistent with the poor state of reproductive health in Afghanistan. Reasons for poor knowledge of women's health include limited reproductive health services and limited rights to education, movement, and employment. 15, 16 In this study, adult women averaged less than one year of education and 73% were not employed outside the household.
Regional variations in disease exposure may also have contributed to the differences in baseline scores. The low pass rates for the malaria module, particularly among Darispeaking districts in Kabul, were consistent with the low prevalence of malaria in these areas. At the high elevations of Kabul (1,800 m), malaria is less common compared with the low-lying areas of Laghman (800 m) where the disease is considered meso-to hypo-endemic. 17, 18 Change in Knowledge For the majority of modules, both CHW and AFHB effected statistically significant improvements in pass rates, edge of reproductive health topics. Among Pashto-speakers, baseline pass rates ranged 88-94% for general health topics including immunizations, micronutrients, sanitation, and diet (Table 2A) . Among Dari-speakers, Shakadara also had high baseline pass rates for general health topics (90-96%) while Qarabaugh had lower pass rates at baseline (55-90%; Table 2B ). For all districts, the malaria and STD modules had among the lowest pass rates of all modules (21-64%). For both Pashto-and Dari-speakers, there were trends toward higher baseline pass rates among CHW districts compared with AFHB districts.
Change in Knowledge-Changes in pass rates for CHW and AFHB districts are in Tables 2A and 2B . On follow-up, pass rates generally were high, exceeding 90% for three-quarters of all modules. For most modules, both the AFHB and CHW districts had statistically significant improvements in pass rates.
The results of the multivariate analyses comparing changes in knowledge among the AFHB versus CHW districts are in Tables 3A and 3B . Among Pashto-speakers, near 100% follow-up pass rates resulted in non-convergence of regression analyses, precluding adjusted comparisons for seven of 17 modules (Table 3A) . For these modules, high baseline pass rates and small margins for improvement limited comparisons of CHW and AFHB groups. Among the remaining 10 modules, there was a trend toward greater increases in pass rates among AFHB users. Users of the Pashto-AFHB had higher follow-up pass rates compared with CHW for five of the 10 modules including micronutrients, malaria, breast-feeding, STD, and postpartum care. Of these modules, STD and postpartum care had response rates <50%. For the remaining five modules (diet, mental health, female anatomy, birth spacing, and neonatal care), changes in knowledge among CHW versus the AFHB were not statistically different.
Among Dari-speakers, non-convergence of regression analyses precluded adjusted comparisons for five of the 17 modules (Table 3B) . Of the remaining 12 modules, response rates generally were low (<50%), although there was a trend toward greater knowledge gained among AFHB users for seven of the 12 modules including diet, malaria, mental health, birth spacing, prenatal care, postpartum care, and neonatal care. Of the remaining five modules, changes in knowledge among CHW versus the AFHB were not statistically different, with the exceptions of breast-feeding and STDs. Breast-feeding was the only module for which there was a statistically significant decrease in pass rate for the AFHB group compared with no change in the CHW group (-14% vs. 0%, p = 0.007). For the STD module, CHW had greater knowledge gains (-1% vs. 26%, p = 0.002), although response rates were the lowest of all modules.
Opinions Regarding Use of the AFHB-Opinions of those who used the AFHB are listed in Table 4 . Overall, support for the AFHB was low, particularly among Dari-speakers. In both language groups, the majority of respondents found the AFHB too complicated (82%-99%) and felt that the vocabulary was too difficult to understand (86-97%). Users 
AFHB Groups
Baseline The words used in the AFHB were too difficult to understand 516 (86) 172 (95) 352 (96) 129 (97) The batteries did not last long enough to get through the book 234 (39) 18 (10) 7 (2) 0 (0)
I cannot afford to buy batteries 210 (35) 18 (10) 15 (4) 4 (3) Health Education-n (%) CHW teach my family about health the best 342 (57) 152 (84) 345 (94) 126 (95) Using the AFHB helped me to better understand health issues 120 (20) 18 (10) 7 (2) 4 (3) Learned more from the AFHB than from the CHW 90 (15) 14 (8) 48 (13) 8 (6) Learned more from the CHW than from the AFHB 360 (60) 25 (14) 338 (92) 122 (92) Everyone in the family used the AFHB and learned health issues 108 (18) 13 (7) 33 (9) 19 (14) Men in the family learned the most from the AFHB 108 (18) 16 (9) 4 (1) 0 (0) Women in the family learned the most from the AFHB 108 (18) 5 (3) 0 (0) 0 (0)
Children in the family learned the most from the AFHB 96 (16) 13 (7) 15 (4) 12 (9) Health Practices-n (%)
It is important to change some practices to have better health 102 (17) 13 ( although there was a trend toward greater improvements among AFHB users. The effectiveness of CHW is not surprising given that they traditionally are recognized as the principal agents for health education and basic health care in the community. In contrast, the effectiveness of AFHB in increasing health knowledge is noteworthy given respondents' general dislike for the book and unfamiliarity with print and electronic media.
Comparisons of the AFHB versus CHW in this study must be made in light of high baseline knowledge and varying response rates. In both language groups, the high baseline knowledge of general health topics produced ceiling effects, limiting the power to discriminate changes in knowledge on follow-up and precluding regression analyses for several modules. Although limiting the scope of the study, the high baseline pass rates more importantly high-dents also likely reflected the inability of the IMC to employ sufficient numbers of female surveyors because of family objections to women doing this type of work. Although these limitations preclude gender comparisons, both males and females in each language group had statistically significant improvements in pass rates for most modules.
Development of the AFHB-In the design phase of the AFHB, there was a lack of coordination between HHS, LeapFrog Enterprises, and the Afghan Ministry of Health. A HHS committee of Afghan-American health professionals determined the health topics covered in the AFHB. Further details of their methods have not been reported. Ministry of Health officials were not involved early in the plans for production and distribution of the AFHB, and 20,000 books were delivered to Afghanistan without pilot testing. Early involvement of the Ministry of Health and the pool of Afghan CHWs may have helped prevent limitations in product development, such as content and translation difficulties.
Through the course of the study, it became apparent that there were translation errors, particularly in the Dari version of the AFHB. This may have contributed to low response rates among Dari-speakers. The AFHB were translated by expatriate Afghan-Americans who tend to be highly educated and less familiar with rural, vernacular languages. More than 90% of households that received the AFHB felt that the vocabulary used in the book was too difficult for them to understand. Future surveys and health education literature may benefit from translations by local Afghans rather than expatriates.
In this study, higher baseline knowledge of general health topics such as immunizations and lower knowledge of malaria and reproductive health topics was observed. As previously discussed, an understanding of these baselines may have been helpful in prioritizing module contents in the AFHB. These points highlight the importance of needs assessments and evidence-based interventions.
From a cultural perspective, it is not surprising that survey respondents who had access to instruction by CHW preferred CHW-facilitated sessions to time spent learning independently from the AFHB. Afghans place a high value on personal contact and interaction. Moreover, Afghans in rural areas have little or no experience with learning from books or electronic forms of media.
Conclusions
In areas where books are scarce and electronic devices are even more rare, health education via an interactive electronic book is likely to raise skepticism. While the majority of survey respondents still preferred traditional CHW approaches, the findings demonstrate that interactive technology has the potential to convey public health messages in such settings.
In future efforts, design of the intervention with CHW input, translations using local vernacular dialects, pilot testing among target populations, and integration of CHW and technologies such as the AFHB may result in a more effective modality for increasing healthcare knowledge in rural Afghanistan. light the fact that local needs assessments were not used to identify baseline knowledge and prioritize content in the development of the AFHB.
Again, the response rates varied, but rates generally were lower for sexual and reproductive health topics and higher among Pashto-speakers compared to Dari-speakers. These results highlight the need for culturally-sensitive approaches to assessing and communicating health information. Additionally, the findings likely reflect limited knowledge of subject matter among Dari-speakers due to lower education levels and limited exposure to CHW.
The low response rates introduced potential for selection bias, limiting interpretability of the findings across the full range of modules. Despite this, it is noteworthy that the AFHB was able to effect statistically significant, and for several modules, large absolute improvements in pass rates. Additionally, there still was a trend toward greater gains in AFHB groups for five modules among Pashtospeakers and seven modules among Dari-speakers, with no greater gains among those exposed to CHW teachings, except for the Dari breast-feeding module. For breast-feeding, the large increase in pass rates of 43% among Pashtospeakers compared with the decrease in pass rates by 14% among Dari-speakers raises questions regarding possible translation errors or misinformation in the Dari breastfeeding module of the AFHB.
Limitations AFHB Allocation-The use of geographical control and intervention districts addressed the issue of possible sharing of the AFHB with neighboring control households, but resulted in some imbalance of potential confounders, particularly among Dari-speakers in Kabul. Despite these differences in demographics and baseline knowledge, trends in knowledge gained remained in the adjusted analyses in both language groups.
Loss of Follow-Up-Loss of follow-up varied regionally. In Laghman Province, loss of follow-up was <5% in both districts. In Kabul province, however, 477 households in Shakadara (48.8%) and 165 sampled households in Qarabaugh (20%) were lost to follow-up.
These findings likely reflect the state of post-war transition in Kabul province, including the migration of study participants seeking employment in Kabul City during the warmer spring months. Despite significant losses to follow-up in Kabul province, those lost to follow-up did not differ statistically from those remaining with respect to demographic data or baseline knowledge. Loss of followup probably was random and unlikely to have resulted in a biased study population. These findings highlight the difficulties administering longitudinal studies in developing countries and crisis settings due to death of participants, war, work, and migration. 19 Gender Comparisons-Because smaller proportions of females were sampled at baseline, substrata of females within districts were small and underpowered for most modules, limiting comparisons by gender. The low numbers of female respon-
